A case of intraoperative convulsions occurring in a child with arthrogryposis multiplex congenita is presented. Arthrogryposis and the anaesthetic management of children with this condition is discussed. Factors which may have contributed to the convulsions are considered.
Arthrogryposis multiplex congenita (AMC) is a clinical syndrome characterized by multiple symmetric contractures that develop in utero. The contractures are most commonly caused by shortening of the flexor muscles 1 . There are a number of anecdotal reports 2,3 suggesting malignant hyperthermia occurs in association with this condition, but there are others which deny this association 4, 5 . We report a case of intra-operative convulsions occurring in a child with AMC who underwent a temperature rise in the presence of a non-triggering anaesthetic technique.
CASE HISTORY
A 15-month-old male with a diagnosis of amyoplasia/AMC was scheduled to undergo a fundoplication for oesophageal reflux. His weight was under the third centile at 7.2 kg. Aspiration, confirmed by milk scan, had resulted in recurrent lower respiratory tract infections.
He had a past history of four febrile convulsions, each of less than ten minutes duration, but no other history of convulsions was elicited. There was no significant family history. Examination revealed contractures of the fingers on his right hand, myopathic facies, small mouth, scoliosis with chest wall deformity and developmental delay. Previous investigations, including head ultrasound, nerve and muscle biopsy, and metabolic screen detected no abnormalities. However, nerve conduction studies had shown signs of denervation, suggestive of anterior horn cell disease. A sleep study at 11 months of age had shown central apnoeas and desaturations to 78%. A repeat study three months later demonstrated only brief apnoeas with desaturations to 90%. At the time of the current admission, his only medication was amoxycillin for a recent respiratory tract infection. He had received a non-triggering anaesthetic at the time of his sural nerve biopsy. This was uneventful, except for an intraoperative temperature rise from 37.4°C to 38°C. This fever had resolved postoperatively without intervention.
No preoperative medication was prescribed. A vapour-free anaesthetic machine and ventilator were prepared. An intravenous canula was inserted in a scalp vein in the child's forehead, as no limb veins could be identified. Anaesthesia was induced with thiopentone 5 mg/kg, vecuronium 0.1 mg/kg, and morphine 0.2 mg/kg. There was a brief desaturation to 80% after some initial difficulty in ventilating due to an inadequate seal. This improved with a smaller mask and increased gas flows. The trachea was intubated with a size 4.0 Magill orotracheal tube. Fresh gas flows were reduced to nitrous oxide 4 l/min and oxygen 2 l/min.The limbs were wrapped with cottonwool bandages to minimize heat loss. Routine monitoring (including ECG, non-invasive blood pressure, pulse oximetry, side-stream capnometry (ETCO 2 ), airway pressure, and oesophageal temperature) was instituted and a warming mattress was in place. There was no humidifier in the circuit and no intravenous fluid warming was used. The operating room temperature was 21°C.
Prior to the incision being made, the surgeon injected 6 ml bupivacaine 0.25% along the line of the subcostal incision.
The initial oesophageal temperature was 37°C.
Intraoperatively, the temperature gradually rose. At 37.3°C, the warming blanket was turned down, and then off, when the temperature reached 37.7°C. About one hour into the case, the patient developed a sinus tachycardia to a peak of 210 beats/minute and the end-tidal carbon dioxide rose from 35 to 45 mmHg. At the same time, the patient was noted to be moving. This was managed with bolus doses of IV morphine (0.1 mg/kg) and vecuronium (0.05 mg/kg), and by increasing the fresh gas flow to 9 l/min and ventilator rate to 25. This resulted in cessation of movements and correction of ETCO 2 , but the tachycardia persisted. The child's temperature was 38°C at this stage. Wrapping was removed from the arms, but not from the legs due to lack of access.
About 30 minutes later, towards the end of the operation, when the temperature had risen to 38.3°C, the child was noted to be moving again. On this occasion, the movements were recognized as clonic in nature. Midazolam 0.1 mg/kg was administered twice, without benefit. After thiopentone 5 mg/kg the clonic movements ceased. The patient was uncovered at the end of the case, cooled with tepid sponging and hyperventilated on 100% oxygen to correct hypercarbia. Arterial blood gases performed at this stage showed pH 7.46, PO 2 510 mmHg, PCO 2 25 mmHg, BE -5, Hb 10.9 g.dl -1 . Electrolytes and blood glucose were within normal limits.
At this stage the patient was breathing spontaneously but was unresponsive. Small boluses of naloxone resulted in sufficient increase in level of consciousness to enable extubation and transfer to recovery and then the paediatric intensive care unit (PICU). Throughout the intraoperative and immediate postoperative period, the patient's noninvasive blood pressure and pulse oximetry remained within normal limits.
When the mother was informed of the intraoperative problems, she then gave a history of her son suffering episodes of epileptiform movements over the preceding few months. These episodes had been managed in her local country hospital. She expressed some relief that her son's convulsions had, at last, been witnessed by medical personnel.
He was observed in PICU overnight without problem on a low-dose morphine infusion. However, the next day further convulsions, unassociated with fever, necessitated a bolus dose of diazepam and loading doses of phenytoin and phenobarbitone. A subsequent EEG showed nonspecific slow wave activity consistent with encephalopathy. Telemetry EEG showed movements which were not related to epileptic activity. Cerebral CT scan showed no significant abnormalities. CSF microscopy and lactate were normal. His serum lactate, pyruvate and ammonia also were normal. He was discharged home eight days postoperatively on phenobarbitone 12 mg twice daily.
DISCUSSION
Arthrogryposis may be neuropathic or myopathic in origin 1 . In the former, there is degeneration of anterior horn cells and a reduction in their size and number. Pyramidal tracts and motor roots are demyelinated and axons in the peripheral nerves are decreased. It is proposed that the myopathic type represents the result of intrauterine progressive muscular dystrophy. No CNS lesions can be demonstrated. Lack of embryonic movement may lead to the joint deformities in both groups.
Difficult mask ventilation, difficult IV access and respiratory depression are typical problems in patients with AMC. This patient did not have some of the other common problems of AMC, such as rigid temporomandibular joints, mandibular hypoplasia and congenital heart disease, nor was he difficult to intubate. The possibility of malignant hyperthermia in arthrogryposis remains controversial. A 1986 review of 32 years experience of 67 patients undergoing 398 anaesthetics in this hospital revealed no episode of malignant hyperthermia, despite many varied exposures to known triggering agents 4 . Patients with arthrogryposis seem to be susceptible to "nonmalignant" hyperthermia related to hypermetabolic responses to anaesthesia and surgery. This hyperthermia occurs even in the presence of non-triggering agents 5 . Our hospital review suggested that a spontaneously breathing technique with halothane might offer a safer induction in these patients with potentially difficult airways, rather than a barbiturate/ relaxant technique. This case suggests another reason for avoiding "non-triggering" anaesthesia may be the risk of intra-operative convulsions in the relatively light planes of anaesthesia achieved with this technique.
An epileptic seizure is a sudden alteration of CNS function resulting from a high voltage electric discharge 6 . This discharge may arise from cortical or subcortical tissue and spreads to thalamic and brainstem centres, resulting in the tonic phase of seizures and loss of consciousness. In contrast, myoclonic activity refers to rhythmic muscular contractions, which may or may not be epileptic. Non-epileptic myoclonus originates from the brainstem or spinal cord and is due to either loss of cortical inhibition or to impaired function of spinal interneurons. With-out EEG monitoring, it is extremely difficult to determine whether abnormal seizure-like muscle movements are due to epileptiform activity or nonepileptic activity.
Individual anaesthetic agents can be both proconvulsant and anticonvulsant. Convulsions have been described in association with local anaesthetics 7 , enflurane 8 , sevoflurane 9 , methohexitone 10 , propofol 11 , ketamine 12 , etomidate 13 , atracurium/laudanosine 14 , pethidine/norpethidine 15 , fentanyl 16 , other opioids, biochemical abnormalities such as TURP syndrome or hypoglycaemia, hyperbaric oxygen therapy, during neurolept anaesthesia for craniotomy for intractable epilepsy 17 and in other situations. There have been two case reports 18, 19 of unexplained seizure-like activity with isoflurane anaesthesia, although it has been used to control EEG seizure activity in refractory status epilepticus 20 .
The anaesthetic agents used in this case included thiopentone, vecuronium, morphine, nitrous oxide and bupivacaine. Thiopentone, like methohexitone although less commonly, can cause excitatory phenomena such as abnormal muscle movements, hiccoughing, and tremor 21 . In nonepileptic patients, there have been no reports of clinical or electroencephalographic seizure activity with thiopentone. Brief periods of generalized discharges on EEG, unassociated with clinical seizures, have been reported during induction with thiopentone in three epileptic patients 12 . Thiopentone is commonly used for its anticonvulsant properties in status epilepticus.
Vecuronium has not been reported to cause either EEG or clinical seizure activity.
Morphine (1 mg/kg and 3 mg/kg) with 70% N 2 O has been shown to have no nett effect on cerebral metabolic rate, with the nitrous oxide probably causing slight elevation and morphine slight depression 22 . The morphine dose in this case report was significantly less than 1 mg/kg. Morphine alone has never been demonstrated to produce seizure activity in humans, nor has it been demonstrated to possess anticonvulsant activity.
There is one case report 23 , without EEG documentation, in which N 2 O alone seemed to precipitate convulsions. The child initially convulsed during a halothane-N 2 O induction. Subsequent inductions with halothane alone did not precipitate a seizure, whereas N 2 O alone was associated with seizure-like activity. N 2 O has never been shown to possess anticonvulsant properties in humans.
Bupivacaine is a well-known convulsant in patients with and without a history of seizure disorders. Rapid systemic absorption from highly vascular areas and accidental intravascular injection can lead to very high blood levels resulting in immediate or delayed seizures. There is a consensus regarding the maximal limits for single doses: bupivacaine 2.5 mg/kg via several routes has produced plasma concentrations in the range of 1-2 µg/ml, which has generally not been associated with a risk of convulsion in adults 24 . The bupivacaine 2.5 mg/kg, in this case, was injected over quite a wide area subcostally with a moving needle but after careful aspiration. Accidental intravascular injection seems unlikely. The convulsive activity seemed to begin about one hour after the bupivacaine injection. In a patient with a low threshold for seizures, systemic absorption of the bupivacaine may have been a contributing factor to the convulsions.
Febrile convulsions are very common and occur in some 4% of all children, most often in the second year of life 25 . They are more common in children with underlying neurological abnormalities and in those with a personal or family history of febrile convulsions. Our patient had a history of febrile convulsions, and in retrospect, may have been having more seizures than had been realised preoperatively. His convulsions had all occurred in his home country town and had not been investigated by a paediatrician. The consulting neurologist considered the intraoperative temperature of 38.3°C as insufficient to cause a simple febrile convulsion, but may have contributed by lowering the seizure threshold in a neurologically abnormal child.
The encephalopathy/slow-wave activity and lack of seizure activity noted on the EEG postoperatively may have been due to the sedative effects of the morphine, phenobarbitone and phenytoin. An alternative diagnosis of hypoxic/ischaemic encephalopathy was considered, but seems unlikely in view of the normal perioperative blood pressure and pulse oximetry, apart from the brief desaturation on induction.
Awareness or light anaesthesia can cause tachycardia and hypertension. In paediatric anaesthesia in particular, it can be difficult to determine if the patient is aware. Awareness is a well-recognized complication of opioid/nitrous oxide anaesthesia.
Status epilepticus is associated with hyperthermia due to increased muscle activity, although this was not a factor in this case due to the intermittent use of muscle relaxant.
The differential diagnosis of unexplained intraoperative tachycardia, hypercarbia, hyperthermia and hypermetabolic state should include seizure activity, along with malignant hyperthermia, thyrotoxic storm, phaeochromocytoma, neuroleptic malignant syndrome, osteogenesis imperfecta, central anti-cholinergic syndrome, septicaemia, Riley-Day syndrome and iatrogenic overheating. Perhaps unrecognized seizure activity could be a contributing factor in the nonmalignant hyperthermia seen in arthrogryposis patients under general anaesthesia.
